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.ABSTRACT 

UCRL 150 
Physics= Instrumentation. 

TUBEDECR .. AS .. ~~ftEtlJ-HIGH CUR.RE,NT HIGH VOLTAGE GAS DISCHARGE LJ<\ """" 

Wo R. Baker~ Q. A. Kerns, Jack Reidel 9 R. Fe Edwards 

July 14~ 1948 

This paper describes a high current, high voltage gas discharge tube 

developed at the Radiation Laboratory of the University of California 'l.tr.J.d•3r ·t:ho 

auspices of the Atomic Energy Commission, for use on a high voltage pulse 

generator to drive the 184-inch Cyclotron. Electric Deflectoro The tube is 

continuously pumped and is filled with helium at 200 to 1000 microns pressurso 

An unorthodox arrangement of electrodes 9 in which the firing mechanism is 

outside the two main electrodes 9 results in a tube with the following peri'orman.ce; 

peak current 9 100 9 000 amperes 9 plate voltage 9 variable from several hundred 

volts to 20 kv 9 time ji.tter of less than 0.005 p.s 9 lead inductance 9 less ·i;;han 

0.005 }lh 9 repetition rate, 180 pu.lses per second 9 pulse length Ool. p.s f,:.r 

above data 9 but longer at reduced currents 9 peak power 9 1000 megawatt,;, o 

To be declassified for eventual publication. 

Radiation Laboratory 
University of California 
Berkeley9 California 
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HIGH CURRENT HIGH VOLTAGE GAS DISCHAliGE TOBE 

W .. Re Baker, ~a A~ Kerns, Jack Reidel, R .. Fo Edwards 

July 149 1948 

During development of a high voltage pulse generator to replace the unit 

now on the 184-inch cyclotron deflector1 ~ it became apparent that existing 

types of high current, high voltage switches would not meet the demands of 

the projected pulsar.. These demands are; peak current, 100,000 amperes, 

plate voltage, variable from 1,000 to 20,000 volts, rise time of current 

from zero to peak value, 0 .. 05 ,Aots, ability to withstand reversal of plate 

voltage within O .. l;us of firing timep time jitter of less than 0 .. 005~s, lead 

inductance of less than 0 .. 005 ~~, and repetition rate of 180 pulses per second .. . 
These rigorous specifications, which include the switching of 1000 megawatts 

of peak power for 0 .. 1 ,P< s, have been satisfied by the development of a new type 

of gas discharge tube .. 

Historical 

Before attempting the development of a new.tube~ all currently available 

types of switches were tested, but failed to meet the specifications because of 

one or more shortcomings.. First efforts were directed towards the deveiopmant 

of a spark gap, since there was little doubt that a spark gap would carry the 

currant at the high voltage point, and minimum lead inductance could be expected 

with correct mechanical construction. Spark gaps were constructed that fired 

within the max~ allowable jitter t1mev using _a strategically placed corona 

source of ions and a high over~voltage triggera Difficulties in varying the 

gap voltage and , at the same time~ success wit~ the gas discharge tube caused 

1 . 
High Voltage Pulsar for 184-inch Cyclotron Electric Deflectora 
Kerns, Baker, Edwards & Farly .. Rad .. Lab .. Physics .. Instrumentation #95/ 
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this phase of the work to be a'Qandonedc Mercury switches 9 such as the igni.tron 

and the mercury=iron-sponge cathode gap were tried and eliminated because of 

igniting jitter in the former, and lack of a variable voltage characteristic 

in the latter~ in addition to the rapid variation of vapor pressure with 

temperature, a fundamental disadvantage of a mercury cathodeo 2 

Hydrogen thyratrons appeared particularly promising because of their low 

time jitter and variable plate voltage characteristicso However9 it was found 

that when the peak current rating of a typical 5C22 hydrogen thyratron was 

exceeded by a factor of ten or more sparking occurred at the cathodeo In addi~ 

tion 9 the reversal of plate voltage within Ool ?!- s resulted in voltage breakdown 

between grid and anode vJj:th eoRsequent des'tructj:on of ,the glass seal between the 

two parts~ Both thes$ factors limited the usefulness of these tube.s :i.n this 

applicationo 

The unorthodox arrangement of electrodes in the present tube was fJ.l'St 

tried Jane 13~ 1948 and development work has been proceeding ra.p:i.cU.y sin_,:-;,t=;' 

that dateo Dro David Sloan of the University of California contributE:'d "t"aluable 

advice on several problems encountered and is at present proceeding with t;he 

development of a high voltage sealed off version of the tubeo 

Tube Operation 

The new tube combines some of the desirable features of a hydrogen 

thyratron; Variable plate VOltage and lOW time jitter With the high CUrrent;B 

high voltage 9 and rugged mechanical construction of a spark gap 9 withou·t the 

disintegration of the electrodes and noi.sy operation usually associated wi.th 

spark gapso 

A full scale cross-section of the tube and a typical circuit are shown 

:tn Figure 1. In operation~ the tube is filled with a light gas, usually 

helium~ at from 200 to 1000 microns pressure, and an rf plasma is maintained 

2 
Pulse Generators by Glascoe & Lebacqz 9 Po 335. MIT Rado Labo series noo 5o 
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in the lower part of the tube. When the tube is fired by applying a negative 

pulse to the grid=glow plate~ some of the plasma is accelerated through ·the 

slots in the grid-cathode into the higl:i fi.eld region between the anode and the 

grid=cathode~ causing the gas in this part of the tube to ionizeG The exact 

mechanism of this phenomena of breakdown is not as yet fully under::rtooclo 

Previous to the application of' the trigger~ the slots in the grid=cathode and 

the close spacing between the grid-cathode and the anode have prevented a 

sufficient quantity of the ionized gas from transferring into the hig;h f:l&l.i 

region between the two main electrodes to cause a breakdown" 

When the anode voltage is held at a low value for approximately 10 ~s or 

longer the tube deionizes. However, when conducting in an oscillatory cire:uit 

the tube may pass current in both directions for several. cycles as is ·the case 

in Fig~ 3o 

Anode Construction 

Oxygen free copper has been found to be an acceptable anode ma:ir.eria.l largely 

because of its superior electrical and thermal conductivity" Au ext:rE;,.me~.y small 

amou..11.t of anode material is removed duri.ng ·the tube discharge as iff F.~"':'"::'.dG:.~::.ed. 

by tests to be described latero Heat generated by electron im'[lact on ·the anode 

is remoYed by the water cooling tubing shown in Figure L 

~d=Cathode Construction 

The gri.d=cathode is formed by cutting a square hole in the copper cathodr:J 

and installing tungsten slats as shown in Figure 2. The optimum spa:.,;:i.ng of tl1e1 

slats was found to be approximately 1/16 inch. After many e:x:per:'i.Jnents with round. 

holes and other shaped openings, slats with a ratio of spacing of slot width to 

slot depth of approximately one to five were f'ound to give the most satisfactc>:X'Jl" 

operation. 'l'ungsten seems to be a more acceptable slat material than coppero 

When the slats were made of tungsten, a tendency of the rf discharge ·r,o t;;,mD'ent.rs.tco: 

on spots and thereby cause pitting of the slats was lessened. The grj_.d~~cathod.e 
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struc)iure ·,.fs w.t:~,tercooled to remove the power lost in the rf plasma in the lower 
. ~/: ... ):,-.:~- ··.,_..-

part ot tli~\tu:be' and the heat generated by electron impact during periods of 
:-~~--#S<~- ---~; -.. ~~--

reverse :cttrre:ttt ~flow .. 

Insdato~;:,'~d 14ib e . Spacings 
.,_ ... 

,_. The';l$~etaf~~s of the anodev grid~cathode~ and insulator construction and 

spacing are shown in Figure 2. All the spacings between the grid~cathode and 

the anode are much less than the mean free path of electrons in helium at 

pressures of 200 to 1000 microns of mercury. The anode grid-cathode spacing 

of 0.090 inch is as small as possible without risking ionization by field 

emission at anode voltages of 30 kv. This small spacing also insures a minimum 

of ions to clean up when the tube deionizes. Troublesome spots were forn1ed 

on the inner surface of the insulator during the tube discharge and freq_uently 

caused6hipping or cracking of the insulator until Dr. David Sloan of the 

Univer$i~y of California suggested the protective ring shown in Figure 2. This 
-.:,. . . 

. . . . -~"--" 

ring reriiov;es the insulator from the discharge area so effectively that l.ucite 

has be:~-~:~J~a:·as an insulator. However~ the present insulator is of pyrex 

glass.f ~;~~r.e;;:¥~-ouble free material in this application. The vacuum seal 

arouij.~.j~~~~~;;il~~:~'-~ing insulator is obtained by the use of a rubber gasket 

at e~~~"'i{k~.~f~"fth~ ring. Atmospheric pressure holds the tube together be= 

cause or"-ithe iliternal vacuum, and no other clamping arrangement is necessary . 
.. · ·. 

Q.uick dismantling is thus enhanced for inspection and experimental changes. 

Gas and Gas Pressure 

Both hydrogen and helium have proven to be acceptable 9 although heliurr1 is 

used at present because of its longer mean free path and the removal of a fire 

hazard encountered with hydrogen. The gas pressure is adjusted by bleeding the 

helium in through a needle valve and continuously pumping the gas out with a 

vacuum pumpo Pressure variations from 200 to 1000 microns3 do not seriously 

3 This is the pressure as read on a type 501 Vacuum Thermocouple Gauge 9 manufactured 
by Va~tl.um Engineering Division~ National Research Corp. 9 Cambri.dge 9 Mass.~ un~ 
corrected for helium. 
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hinder operation1 ,~ut at pressures above 1000 microns the tube tends to stay 

ionized when fi;t•ed, ··;t/hile below 200 microns pressure, difficulty is encountered 

in triggering the disc.hargeo 

Tube Firing Mechanism 

?:'1:1:~·~- ·~tll'Odfi .o.f. +~ring the tube have been successfully used during the 

progr~~¥~~i}~~r~·~~~;~:;~~ ·:~~~p~nt. The system now in use involving an rf 

plasma and a :f·a.st trigger such as that shown in Figure 3 9 has proved to be best 

for a continuously pumped tubeo An rf plasma is formed in the lower part of 

the tube by applying 300 megacycle power to the grid-glow plate. This frequency 

is necessary to minimize any variation in the plasma with time that would re-

sult in time jitter when triggering the tubeo The delay between application 

of the trigger and the firing of the tube and the time jitter are functions of 

the trigger magnitude and wave shape. With a waveshape approximating that 

shown in Figure 38 the firing delay is reduced to a minimum of 0.05 ps as the 

trigger voltage is increased to 6 kv. The spacing of 3/8 inch between the top 

of the grid-glow plate and the bottom of the tungsten slats is critical, since 

pitting of the slats and triggering difficulties are encountered when this 

spacing is varied as little as plus or minus 1/8 inch. An indication of 

sufficient rf plasma is a steady leakage current flow from the grid-cathode to 

the anode of up to several milliamperes due to ions escaping through the slots 

into the high field region in insufficient quantities to cause breakdown. 

Early experiments showed that a tungsten filament placed in the position 

of the present grid-glow plate and a low voltage trigger of as little as 300 

volts, and waveshape similar to that in Figure 3, were outstandingly successful 

as a triggering system. This method was abandoned beoause of rapid deterioration 

of the filament due to impurities in the constantly changing gas and time jitter 

resulting from 60 cycle magnetic fields induced from the heating currento The 

use of de heating current eliminated the jitter but the deterioration problem 
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still remained. There is considerable evidence to indicate that a tungsten 

filament or a unipotential oxide coated cathode will prove successful in a 

sealed version of the tube. 

A triggering device utilizing field emission from needle points located 

in a position corresponding to the present grid-glow plata was the object of 

several experiments. The hope in this instance was that all filament power 

could be eliminated, the necessary ionization being generated with the trigger 

pulseo This method of triggering the discharge was abandoned because of the 

large time jitter, high trigger voltages necessary (5 to 15 kv), and excessive 

delay in firing the tuba (several times that for the other two methods). 

Cleaning of Tube Parts 

Irregular .operf!;tj,pn E:J,t:lq. ~ase o_1' trig~eri~ are apparently functions of 

the cleanliness of the tube parts and purity of the helium. Rigorous cleaning 

of the type employed in the vacuum tube industry results in higher operating 

voltages (up to'30kilovolts) and greater ease of triggering. 

Test Data 

Typical wave shapes of plate current, plate voltage 9 and trigger voltage 

are shown in Figure 3o It will be noted that the tube does not deionize after 

the first plate current pulse because of the type of load. With such a high 

frequency, high ~ load, oscillations develop that reverse the tube polarity 

before sufficient time has elapsed to allow the tube to deionize. Current 

pulses of up to 100 ps duration at r~uced aurrent levels seem to have no adverse 

effect ·on the tuba., No exploratory experiments with pulses longer than 100 ps 

have been performed. 

A fifty hour l:l.fe test was conducted 9 under conditions comparable to those 

shown in Figure 3• on a tube slightly larger than the latest model (see Fig. 1). 

Operation was trouble free, and wear was concentrated on the anode (see Figo 4), 

where some of the copper apparently left the anode and was deposited on the grid 
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slatso This effect was very slight (less than OoOOl inch of material was re= 

moved) and it appears that a life of from 500 to 1000 hours at high levels of 

operation can be anticipatedo 

These tests were conducted with a repetition rate of 120 pulses per secondo 

vVhen the tungsten filament was installed 9 repetition rates in excess of 1000 

pulses per second were tried experimentally for a few minutes with no observable 

changes in the characteristics of the tubeo No similar tests have been made 

with the rf plasma system of triggering because of circuit changes necessary in 

the pov1er supply P..nd trigger circuits to permit operation at these higher 

repetition_ rat as. 

Application to Higher Voltages 

To dete:r;mine the applicability of the principle of the tube at. hlgher 

voltages 9 some tests were conducted on a small model tube made up of rubber 

and brass washers (see Fig. 5) o The tube shown functioned very well wit:b 

applied pulse plate voltages of up to 250 kv 9 having a duration of 2 Jl8 o ThSs 

assembly was operated under oil to'prevent breru{down around the outsiue of 

the tube with these high voltages and small spacingso Recent experimentr: w:i.th 

other electrode arrangements indicate that a high voltage version of the tube is 

practical with de as well as pulsed plate voltageso 

In conclusion 9 H should be emphasized that the tube was developed for a 

very limited purpose 9 and no time was airailable for the working out of a detailed 

analysis of the operating characteristics or the application of the principle to 

sealed off tubes that are essential for large scale commercial usagesa 

LHB/'7-30-48 
Information Division 
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